###### Strengths and limitations of this study

-   This study examines the geographic variation in rates of ambulatory care-sensitive condition (ACSC)-related hospitalisation using the 2006 Canadian Census Health and Environment Cohort (CanCHEC) linked prospectively to hospitalisation records from the 2006--2009 Discharge Abstract Database (DAD).

-   We determined the magnitude of Census Division-level variation (ie, spatial autocorrelation) in rates of ACSC-related hospitalisations by computing the global Moran's *I* statistic, which assesses the degree to which rates are similar or dissimilar across geographic areas.

-   We identified the location of clusters of Census Divisions with significantly lower (ie, 'cold spots') or higher (ie, 'hot spots') ACSC hospitalisation rates using the local indicator of spatial association.

-   Geographic areas were defined using the boundaries of Census Divisions, and although results may differ depending on the definition of geographic units, the methodological approach adopted in this study is generalisable to other geographic units.

-   Limitations of this study include the absence of hospitalisation records in the DAD from Québec and the lower coverage rates for residents of the territories, young adults, individuals of lower socioeconomic status and rural residents.

INTRODUCTION {#s1}
============

Hospitalisations due to ambulatory care-sensitive conditions (ACSC) are an important indicator of access and quality of primary care services,[@R1] and therefore an important focus of health service research in Canada[@R1] and internationally.[@R7] Though not all hospitalisations are preventable, with appropriate screening, monitoring, management and follow-up in primary care settings, many ACSC-related hospitalisations can be avoided.[@R4]

The Canadian Institute of Health Information (CIHI) compiles provincial and health region-level aggregated data on preventable hospitalisations related to the following ACSC: chronic obstructive pulmonary disease (COPD), asthma, heart failure and pulmonary oedema, hypertension, angina, diabetes and grand mal status and other epileptic convulsions.[@R4] The most recent, age-standardised Canadian estimates from CIHI indicate that in 2017--2018, 327 per 100 000 population had an ACSC-related hospitalisation, a decrease from 349 per 100 000 population in 2010.[@R13] However, these national figures obscure substantial geographic variation in these rates, which has persisted since 2001 when such data became available.[@R14] In 2017--2018, British Columbia had the lowest hospitalisation rate for ACSC (294 per 100 000 population) and Nunavut had the highest rate (751 per 100 000 population), a rate approximately 2.5 times greater than in British Columbia.[@R13] There is also some evidence of substantial variation in these rates within provinces.[@R6] Within Ontario, for example, in 2017--2018, there was an almost threefold difference in preventable hospitalisation rates between the Central Local Health Integration Network (LHIN; 195 per 100 000 population) and the North-West LHIN (575 per 100 000 population, respectively).[@R13]

International research suggests that more pronounced differences in the rates of preventable hospitalisations may be found across smaller geographic areas (ie, small-area variation), including administrative units responsible for the local delivery of primary care services.[@R8] However, there is only limited Canadian research examining small-area variation in preventable hospitalisations. A 2008 report commissioned by the CIHI found substantial differences in age-standardised ACSC-related hospitalisation rates across 15 Census Metropolitan Areas (CMA), with Regina CMA having the highest rate of 518 per 100 000 population and Ottawa-Gatineau CMA reporting the lowest rate of 181 per 100 000 population.[@R16] The scope of this study, however, was restricted to a very limited number of large urban areas.

To address this gap, the objective of this study was to examine the magnitude and pattern of geographic variation in preventable hospitalisations in Canada (excluding Québec) across small geographic areas, defined by the boundaries of Census Divisions (CDs). CDs are standard census geographic units that generally correspond to municipalities, as determined by provincial and territorial legislation, or neighbouring municipalities amalgamated for the purposes of regional planning and managing some of the common services.[@R21] CDs vary in their areas and population sizes and, in 2006, there were 190 CDs in Canada (excluding Québec). A reference map of CDs can be found on the Statistics Canada website.[@R22] We hypothesised that the overall magnitude of geographic variation and the distribution of preventable hospitalisations across CDs in Canada is not random but rather exemplifies spatial dependence where CDs with lower and higher than average ACSC-related hospitalisation rates are clustered together. The presence of small-area geographic differences in rates of potentially preventable hospitalisations may suggest the presence of substantial inequalities in access to appropriate primary care across CDs.[@R6] Thus, identifying CDs with disproportionately high rates of ACSC-related hospitalisations can support decision makers in planning, allocation of resources and monitoring performance of health service providers as well as lead to an improvement in primary care quality to reduce the burden of preventable hospitalisations.[@R23] Moreover, methodological approaches and findings from this baseline study can lend to further examination of whether or not clusters of CDs with lower or higher rates of preventable hospitalisations are emerging, stable or declining.

Methods {#s2}
=======

Data {#s2-1}
----

To assess the magnitude and pattern of geographic variation in rates of ACSC-related hospitalisation, we conducted a cross-sectional study using the 2006 Canadian Census Health and Environment Cohort (CanCHEC) linked prospectively to hospitalisation records from the 2006--2009 Discharge Abstract Database (DAD). The 2006 CanCHEC consists of about 20% of the non-institutional respondents to the 2006 Census of Canada who were given long-form census questionnaire, totalling over 4.6 million individuals. The cohort reliably captures characteristics of the entire Canadian population, residing in large metropolitan regions or small remote settlements[@R25] as it is representative of approximately 95%--97% of the provincial populations and 93%--94% of the territorial populations.[@R25]

The individual-level records for the members of the 2006 CanCHEC were recently linked by Statistics Canada to the DAD records for three fiscal years: 2006--2007, 2007--2008 and 2008-2009.[@R27] The DAD is a census of hospital discharges for all provinces and territories excluding Québec, which does not report hospitalisation data to the DAD, and includes administrative and clinical data for approximately three million hospital discharges per year.[@R28] The DAD provides information on the main diagnoses, date of admission and treatment information. Each hospital record consists of up to 25 diagnoses and 20 intervention codes based on the International Classification of Disease 10th Revision, Canadian Modification codes (ICD-10-CA) and volume 4 of the Canadian Classification of Health Interventions.[@R29]

The record linkage of the 2006 CanCHEC and 2006--2009 DAD involved the hierarchical deterministic exact method[@R31] and was based on personal identifiers common to both data sources (ie, date of birth, sex and postal code). A validation study conducted by Statistics Canada indicated that linkage rates approached 100%, with weighted coverage rates exceeding 80% (ie, the weighted CanCHEC represents over 80% of hospitalisations during the 2006--2009 period), and that the linked files are suitable for health-related research as the data are broadly representative of the population of all provinces and territories, excluding Québec.[@R27] Methodological details on the 2006 CanCHEC, data linkage and findings from the linkage validation study are available elsewhere.[@R27]

Rates of preventable hospitalisations {#s2-2}
-------------------------------------

Following the CIHI's previously established definition of ACSC, validated for use in Canada,[@R4] we used the first three characters of each 'most responsible' diagnosis to identify ACSC-related hospitalisation events. Selected ACSC include grand mal status and other epileptic convulsions, COPD, asthma, diabetes, heart failure and pulmonary oedema, hypertension and angina (excluding cases with cardiac procedures). For each CD, we computed age-standardised annualised ACSC hospitalisation rate per 100 000 population. Specifically, hospitalisation records over three fiscal years (ie, 2006--2007, 2007--2008 and 2008--2009) were pooled to produce a stable estimate of ACSC-related hospitalisation rate in each CD and to detect differences between these geographic areas. Sampling weights were used in line with the 2006 census design. The estimated population-level counts of hospitalisation events in each CD were rounded to a base of 5 as required by Statistic Canada's confidentiality procedures. The rate for each CD was computed by dividing the estimated annualised and rounded count of ACSC-related hospitalisations in that CD by the total population of that CD and then expressed as per 100 000 population. Finally, direct standardisation was carried out using the entire 2006 Census Canada as the reference population and four age groups (ie, 0--19, 20--39, 40--59, ≥60 years).

Patient and public involvement {#s2-3}
------------------------------

No patients involved.

Statistical analysis {#s2-4}
--------------------

To assess the magnitude of CD-level variation (ie, spatial autocorrelation) in rates of preventable hospitalisations, we computed the global Moran's *I* statistic, which assesses the degree to which rates are similar or dissimilar across geographic areas.[@R32] This was computed using the formula:

$$I = \left( \frac{n}{S_{0}} \right)\frac{\sum_{i = 1}^{n}{\sum_{j = 1}^{n}{w_{ij}z_{i}z_{j}}}}{\sum_{i = 1}^{n}z_{i}^{2}}$$

where, *z~i~* and *z~j~* for areas *i* and *j* are the deviations from the mean, *w~ij~* is the matrix of row-standardised weights, and

$$S_{0} = {\sum_{i = 1}^{n}{\sum_{j = 1}^{n}w_{ij}}}$$

Moran's *I* values range from −1 to +1, which represent extreme negative and positive spatial correlations, respectively (ie, CDs with either low or high preventable hospitalisation rates are geographically clustered together) and 0 indicates spatial randomness (no spatial correlation between CDs). To test the null hypothesis of no spatial correlation, a Monte Carlo simulation was used with 1000 random permutations to produce the rank of observed Moran's *I* in relation to the simulated values, with p\<0.05 indicating statistical significance.

To determine the location of clusters of CDs with significantly lower (ie, 'cold spots') or higher (ie, 'hot spots') ACSC hospitalisation rates, we assessed whether preventable hospitalisation rate in each CD is closer to the rates of its neighbours or to the national average. This was achieved using the local indicator of spatial association (LISA)[@R32] using the formula:

$$I_{i} = z_{i}{\sum_{j = 1}^{n}{w_{ij}z_{j}}}$$

The statistical significance of LISA estimates was tested using a Monte Carlo simulation which compares the actual observed LISA values for each CD with the distribution of repeatedly randomised values. A LISA significance map was produced to identify clusters of CDs with significantly higher or lower rates of ACSC hospitalisations compared with their neighbours. All analyses were conducted using R.[@R34] Patients were not involved in this study.

Results {#s3}
=======

The 2006 CanCHEC represents a population of 22 562 120 individuals in Canada, except Québec. Of this number, 2 940 150 (13.03%) individuals were estimated to be hospitalised at least once during the 2006--2009 fiscal years. In total, the weighted number of hospitalisation events reported by all members of this population was 4 762 195. Out of that number, 337 995 (7.10%) events were ACSC-related hospitalisations. The most common ACSC diagnosis was COPD (33.23%), followed by heart failure and pulmonary oedema (26.10%), angina (16.01%), diabetes (9.47%), asthma (7.15%), grand mal (5.05%) and hypertension (2.99%).

The overall annualised rate of preventable hospitalisation for the 2006 CanCHEC for the 2006--2009 fiscal years was 499 per 100 000 population ([table 1](#T1){ref-type="table"}). The rates of ACSC-related hospitalisations varied across provinces and territories from the lowest of 436 per 100 000 population in British Columbia to the highest of 1264 per 100 000 population in Nunavut. As hypothesised, the between CD variation in these rates was even more pronounced than the variation across provinces, with the rates ranging from the lowest of 266 per 100 000 population in the White Horse Plains area near the city of Winnipeg in Manitobato the highest of 2131 per 100 000 population in Manitoulin, in central Ontario. The median rate across all CDs was 693 per 100 000 population with the IQR equal to 351 (ie, from 564 and 915 per 100 000 population). Similarly, a substantial level of variation can also be observed between CDs within each province. [Figure 1](#F1){ref-type="fig"} displays the rates of preventable hospitalisations for all CDs in Canada (excluding Québec) and suggests that there is a substantial level of variation in these rates across Canada and within each province and territory. In general, the rates appear to be highest in CDs located in the northern parts of Newfoundland and Labrador, New Brunswick, Ontario, Manitoba, Saskatchewan and Alberta. They are also relatively high in the interior of British Columbia and in some parts of Nunavut and the Northwest Territories.

###### 

Ambulatory care-sensitive condition hospitalisation rates across provinces and Census Divisions, Canada 2006--2009

  ACSC rates between CDs within each province                                                    
  --------------------------------------------- ------------ --------- ------ ----- ----- ------ ------
  Newfoundland and Labrador                     474 405      9265      651    11    513   513    1054
  Prince Edward Island                          125 800      2720      721    3     672   779    780
  Nova Scotia                                   853 525      13 335    521    18    368   643    1353
  New Brunswick                                 696 650      17 465    836    15    566   846    1094
  Ontario                                       11 428 170   154 715   451    49    296   581    2131
  Manitoba                                      1 082 900    19 595    603    23    266   827    2112
  Saskatchewan                                  907 630      23 375    858    18    518   1063   1576
  Alberta                                       3 088 730    45 325    489    19    373   708    1401
  British Columbia                              3 810 320    49 850    436    28    331   616    1244
  Yukon                                         28 770       460       533    1     533   533    533
  Northwest Territories                         38 440       875       759    2     667   876    1085
  Nunavut                                       26 775       1015      1264   3     564   1215   1540
  Canada                                        22 562 120   337 995   499    190   266   693    2131

\*2006 population size rounded to a base of 10.

†Estimated population-level counts of ACSC hospitalisation events rounded to a base of 5.

‡Standardised and annualised ACSC hospitalisation rates per 100 000 population.

ACSC, ambulatory care-sensitive condition; CD, Census Division.

![Age-standardised annualised hospitalisation rates (quartiles) for ambulatory care-sensitive conditions per 100 000 population: Canada (Census Divisions).](bmjopen-2020-037195f01){#F1}

The Moran's *I* statistic, computed to assess the overall magnitude of variation in preventable hospitalisation rates between CDs was 0.3550 (expected value=−0.0053; variance=0.0026) suggesting that the overall spatial distribution of preventable hospitalisations between CDs is non-random. The results from the Monte Carlo simulation of Moran's *I* indicated that the null hypothesis of no spatial correlation can be rejected (the rank of the observed Moran's *I*=1000; the pseudo p value=0.001).

[Figure 2](#F2){ref-type="fig"} presents the findings from the LISA analysis and depicts the pattern of clustering of CDs with significantly higher ('hot spots') and lower ('cold spots') rates of preventable hospitalisations. It indicates that a relatively large cluster of CDs with higher than average hospitalisation rates was located in northern parts of Ontario, Manitoba and Saskatchewan and across eastern and northern parts of Nunavut ('hot spots'). In addition, two clusters of CDs with lower than average rates ('cold spots') were found, one in the Greater Toronto Area and one in central Nova Scotia, around the town of Windsor.

![Hot spots and cold spots in preventable hospitalisations: Canada (Census Divisions). This map identifies clusters of census divisions with significantly higher (hot spots) or lower (cold spots) rates of hospitalisations for ambulatory care-sensitive conditions compared with their neighbours.](bmjopen-2020-037195f02){#F2}

Discussion {#s4}
==========

This study addresses an important gap in the literature by providing information on the magnitude and pattern of geographic variation in preventable hospitalisations in Canada. Specifically, our study contributes to the literature by: (1) providing a quantitative assessment of the magnitude of spatial variation in preventable hospitalisations across small geographic areas (ie, CDs); (2) identifying geographic areas with significantly lower or higher concentrations of these events(ie, 'cold spots' and 'hot spots', respectively); and (3) demonstrating how spatial analysis can be applied to future studies of geographic variation in preventable hospitalisations that may involve data on newer census cohorts linked to more recent hospitalisation records, when these data become available.

Overall, the results of the spatial analysis provide support for the hypothesis that there is a statistically significant and substantial level of spatial variation in preventable hospitalisations across Canada and clustering of CDs with significantly lower and higher rates, which is a novel finding as the previous studies did not conduct any formal statistical assessment of the magnitude or patterns of geographic variations. The presence of a large cluster of CDs with higher than average ACSC-related hospitalisation rates, stretching from northern parts of Ontario, Manitoba and Saskatchewan and across eastern and northern parts of Nunavut, indicates that CDs with significantly higher rates of preventable hospitalisations are more likely to cluster in northern, predominantly rural and remote regions of Canada. In a CIHI report, rural areas in Canada were found to have approximately 60% higher rates of preventable hospitalisations compared with urban areas,[@R14] potentially due to poor access to primary care in these locations.[@R35] In contrast, two 'cold spots', characterised by lower than average rates of preventable hospitalisations, were found in predominately urban areas (ie, in the Greater Toronto Area and in the urban area of Nova Scotia). This pattern is likely related to differences in primary healthcare in rural compared with urban areas, as barriers related to accessibility (eg, availability) or quality of primary care services are well-known factors related to geographic variation in preventable hospitalisations.[@R7]

It is important to acknowledge that, in addition to the availability of primary healthcare services, the magnitude and pattern of geographic variation in preventable hospitalisations may also be related to differences in sociodemographics, health behaviours and/or health status characteristics of the individuals residing in each CD (ie, compositional effect) or to other area-level factors. Berlin *et al*[@R8] argue that although an effective primary care system should aid in the prevention of ACSC-related hospitalisations, these events are also dependent on individual-level factors such as propensity to seek care, severity of the disease, compliance issues, financial constraints or accessibility issues. Research by Falster and colleagues[@R20] suggests that as much as 36.9% of geographic variation in preventable hospitalisations in Australia was a result of individual-level sociodemographic and health characteristics. The geographic variation in preventable hospitalisations may, in particular, be driven by the well-known social gradient in health, as described by Marmot.[@R37] In a 2008 study involving 15 CMA areas, for instance, hospitalisations for ACSC were highest among those with low socioeconomic status (SES) and showed a steep gradient between low SES, average SES and high SES.[@R16] Thus, further examination of the determinants of geographic variation, with a focus on individual-level factors, would help ascertain why residents of some CDs are more (or less) likely to be hospitalised for an ACSC, compared with residents in other areas of Canada.

Limitations {#s4-1}
-----------

One limitation of any analysis involving the DAD is the absence of hospitalisation records from Québec. As these records are currently not shared with the CIHI or Statistics Canada, we were not able to directly address this limitation. Second, the validation study of the 2006 CanCHEC-DAD linked files indicated that coverage rates were slightly lower for residents of the territories, young adults, individuals of lower SES and rural residents[@R27]; however, sampling weights used to extrapolate the observed counts to the whole population accounted for some of this under-representation. Furthermore, the boundaries of CDs were used in this study to define geographic areas. Although the Modifiable Areal Unit Problem indicates that the results may differ depending on the definition of geographic units,[@R38] the methodological approach adopted in this study is generalisable to other geographic units. The results of this study are also based on the assumption that during the 2006--2009 time period, members of the 2006 CanCHEC did not move from CDs that they reported as their home addresses in the 2006 Census; however, residential mobility within the boundaries of each CD would not affect the results. Lastly, estimates generated from the recently released 2006 CanCHEC-DAD linked files may not reflect the current rates of preventable hospitalisation in Canada.

Additionally, the CIHI definition of ACSC may not capture all preventable hospitalisations and not all ACSC hospitalisations may be preventable.[@R4] However, at present, these are the best national data that are available for conducting analysis on small-area geographic variation in preventable hospitalisations. Moreover, for surveillance purposes, findings from the current study can be used as a baseline estimate to be compared with the results of future assessments of geographic variation in preventable hospitalisation involving linked files from newer census cohorts, when these data become available.

Conclusions {#s5}
===========

The knowledge on the magnitude and pattern of small-area geographic variation in preventable hospitalisations can inform regional, provincial and national decision makers on planning resources and monitoring performance of health service providers. As preventable hospitalisations are an important indicator of access and quality of primary care services, identifying of clusters of CDs with disproportionately high rates of ACSC-related hospitalisations can lead to an improvement in primary care quality in these areas to reduce the burden of preventable hospitalisations. Ultimately, this can lead to the reduction of substantial inequalities in the rates of preventable hospitalisations across Canada.

The current study provides valuable insight into small-area geographic variation in preventable hospitalisations in Canada. We found that the pattern of 'hot spots' in ACSC-related hospitalisations does not follow provincial boundaries, which is a novel observation in the Canadian context and suggests the need to focus on intraprovincial comparisons. As suggested by the existing literature, there may be a wide range of inter-related factors that can potentially contribute to this variation. Although it is often assumed that small-area geographic variation in preventable hospitalisations is related to characteristics of the health care system, this variation may also be related to individual-level and area-level socioeconomic factors rooted in the local contexts,[@R10] or to health-related behaviour associated with low SES.

Ultimately, people interact with the healthcare system in the geographic areas in which they reside, and future research should assess the nature of these interactions and how they may contribute to the observed geographic variation in ACSC-related hospitalisations.
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